Starting with magnetohydrodynamic (MHD) equilibria for plasma field, and under certain conditions these MHD equations were reduced to a single nonlinear elliptic equation for magnetic potential ũ , known as Grad-Shafranov equation. By specifying the arbitrary functions in this equation, the Bullough-Dodd equation was obtained. Travelling wave solutions were given which turned out to be a very unimportant special case. In this paper, we give exact solutions using rational sech-csch functions.
Introduction
Equations of magnetohydrodynamic (MHD) equilibria were widely used to model several ongoing nuclear experiments [1] as well as solar magnetic structures [2, 4, 5, 7, 8, [9] [10] [11] . Many models of MHD equilibria are two dimensional. In solar physics the static MHD equations were used to model diverse phenomena, such as the slow evolution stage of solar flares. The nonlinear problem in such systems has been tackled by several researchers and research groups and solutions for several cases have been published [4] [5] [6] [9] [10] [11] .
An investigation of the literature shows that there are many direct methods that have been developed for finding closed form solutions of nonlinear PDEs. Methods such as the Tanh method [13, 14] , Exp-function method [15, 16] , Hereman-Nuseir method [17] and others [18, 19] were reported. A. Wazwaz has introduced several methods in this area of mathematics. He demonstrated the implementation of the tanh-coth method and its power in dealing with nonlinear equations and applied it to models of various types of nonlinearity. He also used the tanh and sine-cosine methods to deduce physical structures of exact solutions of nonlinear wave equations which are important to give more insight into the physical aspects of these systems [20, 21] .
The aim of this paper is to obtain an exact solution of Bullough-Dodd equation using rational sech-csch functions. R. S. Ibrahim [3] gave travelling wave solutions of this equation. It turned out that his solution is a trivial one.
The Bullough-Dodd Equation
The magnetostatic equilibrium problem can be reduced to the solution of a single nonlinear elliptic equation for the magnetic potential u(x, y) [4] [5] [6] 12] .
Where, P is the gas pressure, B is the magnetic field induction, and φ is the gravitational potential. After some considerations [3] , the general form of this equation becomes
where ũ is a dimensionless from of u. Then the following form for F (ū, x, y) is assumed 
The rational sech-csch function method
In this work we shall introduce and use the rational hyperbolic functions method to solve nonlinear PDEs. 
where the subscripts denote partial derivatives and F is a polynomial in unknown function u(x, y) and its derivatives.
where A, B, and C are constants; p is an integer, and 
Solutions of the Bullough-Dodd equation
Now, this method is applied to the equation
To find the rational sech-solution,
where A, B, C, and p are parameters that will be determined.
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Substitute eq. (9) into (5) to get the following, p  2  2  2  2  2  2  2   p  2  2  2  2  2  2   3p  2  3  2p  2  2   p  2  2  2  2  2  2  3  2  3  2  3 Hence, direct substitution into eq. (5) produces the following solution
where, 
The following figures describes the potential function ) , ( ũ 1 y x when λ = 0.5, and v = 1. 
where A, B, C, and p are parameters that will be determined. Substitute eq. (12) into eq. (5), and balance the powers of csch-function in the most nonlinear terms in the result equation, then p = 2.
To find the values of the parameters A, B, and C, substitutes eq. (13) into eq. (5). The solution will be,
The following figure displays the potential ) , ( ũ 2 y x when λ = 0.5, and v = 1. Therefore, as shown above, two families of exact solutions to the Bullough-Dodd equation were found.
